A recent report in PNAS by Asahina et al. (1) addresses the fascinating question of tissue repair in plants. According to recent suggestions, plants and animals might share cellular mechanisms that allow regeneration of tissues after damage (2) . However, plants and animals differ greatly in their mode of development and their ability to respond to damage-inducing environmental factors (3) . Terrestrial plants cannot move their whole body in response to environmental cues, and, because of their cell walls, they also lack cellular mobility within the plant. This means that plants must regenerate damaged tissue through cellular regeneration at the point of damage. Traditionally, this regeneration was considered to occur by dedifferentiation of existing mature cells followed by cell division to form callus and differentiation to form the cellular constituents of the new tissue, although details of this process have been questioned recently (4) .
Plants experience many types of tissue damage, including that caused by herbivory and other forms of physical wounding (e.g., breakage because of wind or ice or trampling by animals). They have developed elaborate responses to this damage. For example, herbivory results in a suite of responses; some are fast-acting and local, whereas others may be quite long-lived and systemic in nature, allowing the plant to develop a response at the whole-plant level to attack by particular animal species (5) .
One of the simplest forms of damage to plants is the splitting or laceration of tissue. This type of wounding is frequent under both natural and agronomic conditions. It is also common with some of our well-established horticultural and research techniques (e.g., grafting). Indeed, grafting and the subsequent tissue repair have been vital for the identification of two new plant hormones over the last 5 years: the strigolactones for branching (6) and the floral stimulus or florigen for flowering (7) . However, the molecular basis of tissue repair has remained largely unknown. The paper by Asahina et al. (1) provides some welcome insights into the repair process, since it shows that two plant-specific transcription factors (TFs), ANAC071 and RAP2.6L, are strongly upregulated on the upper (ANAC071) and lower (RAP2.6L) sides of an incision in the infloresence stem. When the expression of these TFs is down-regulated using chimeric repressor silencing technology (8), repair of the wound is inhibited, indicating the importance of the TFs for the repair process.
Importantly, the work by Asahina et al. (1) provides evidence that the TFs are regulated by plant hormones, with a focus on auxin. This hormone also regulates TFs involved in root tissue repair after damage by laser ablation (9) . In the present case (1), the possible involvement of auxin implies communication between other parts of the plant and the repair site. Auxin is a mobile hormone, moving down the stem in a polar transport stream, and molecular evidence is presented that auxin accumulates on the upper (acropetal) side of the incision and depletes on the lower (basipetal) side. This information is used to develop a model in which auxin regulates TFs, which then initiate cell division in the pith and ultimately repair the wound (Fig. 1) .
Roles for other plant hormones are also suggested (1). The ethylene-insensitive ein2 mutant does not undergo the same repair as WT plants because of a lack of cell division in the pith. The expression of ANAC071 is reduced in ein2 plants suggesting that wound-induced ethylene may enhance the auxin response. Ethylene levels are not directly measured but are inferred from the expression of the ACS2 gene, one of a family of aminocyclopropane carboxylic acid synthase genes that regulates the rate-limiting step in ethylene biosynthesis.
Jasmonic acid (JA), another plant hormone, may also play a role (1) . JA is a known regulator of plant responses to both biotic and abiotic stresses (10) , and genes involved in its biosynthesis are up-regulated after incision, which is shown by microarray and quantitative RT-PCR analyses (1). One such gene, the lipoxygenase gene LOX2, is up-regulated below the incision in a similar pattern to RAP2.6L, and application of methyl jasmonate up-regulates RAP2.6L expression. Although studies using the expression of biosynthesis genes to infer hormone levels need to be treated with extreme caution (11), it seems that wounding up-regulates this gene independently of auxin (1) .
Overall, these results provide a testable model of some of the early molecular steps involved in tissue repair. Understanding the molecular targets of the TFs and moving beyond correlations to show the direct regulation of the TFs by the hormones implicated will go a long way to elucidating the control of this essential plant response. Thus far, the effects of directly applying hormones on the expression of the TF genes are less impressive than the effects of stem incision (cutting) or decapitation (removal of material at the top of the stem, including flowers) (1). For example, in cut stems, decapitation dramatically reduces ANAC071 expression, but applying auxin to the decapitation site does not significantly reverse that effect ( figure 3 in ref.  1) . Possibly, the dose used (1 mM auxin in lanolin paste) is inadequate to restore the auxin content of stems. In previous research, a similar dose did not fully restore the auxin level to the level of intact stems, although the hormone was applied repeatedly (12) . Similarly, applying 2 mM methyl jasmonate has only a moderate effect on RAP2.6L expression compared with cutting ( figure 5 in ref. 1) .
The possible roles of other hormones in tissue repair also require examination. In an earlier paper, Asahina et al. (13) noted the importance of another growthpromoting hormone, gibberellin (GA), in the repair process. In that case, hypocotyls of tomato and cucumber were studied. In considering the issue of auxin vs. GA, it should be borne in mind that high auxin content can lead to high GA content, because auxin promotes GA synthesis and inhibits its deactivation (14, 15) . However, in the tomato hypocotyl, the pattern of gene expression after cotyledon removal is not consistent with an auxinmediated effect on GA levels (16), indicating the importance of GA per se. It is suggested that, in hypocotyls, GA is a key factor in the reunion of cortical cells whereas, in the pith cells of inflorescence stems, auxin is a major player (1) . In this context, it is worth noting that GAdeficient pea mutants can be easily grafted epicotyl to epicotyl and epicotyl to stem (17) , indicating that GA is not essential for tissue reunion in that system. It is also possible that different TFs regulate the repair response in hypocotyls and inflorescence stems because, earlier this year, Iwase et al. (18) reported that another recently discovered TF gene, WIND1, is up-regulated in wounded Arabidopsis hypocotyls. This gene was suggested to act as a master regulator of dedifferentiation during wound repair (18 Different plant organs are affected in different ways by both physical damage and predation, and these differences may explain the occurrence of different repair mechanisms. For example, leaves and flowers are determinate in growth and do not directly prevent the growth of other organs, and, therefore, repair is not essential, although protection from additional damage/invasion is advantageous to the plant. However, the stem is essential for subsequent organ development (e.g., leaves, roots, flowers, and seeds) because of its critical role in connectivity, support, and nutrient transport. Although new shoots may arise from axillary buds if the upper stem is damaged, the consequences for the plant may be much greater than if an individual determinate organ is damaged.
The involvement of cell division in the repair process has been known or assumed for a long time, and implicating plant hormones in the reformation of tissues, particularly vascular tissues, is likewise not new (19) . The contribution by Asahina et al. (1) is the characterization of specific TFs, which, according to their model, form a molecular link between plant hormones and the cell division response in the pith. Their work (1) provides a foundation for determining whether tissue repair is controlled by similar TFs and plant hormones in different tissues and different plant taxa.
